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AbstrAct
Solar flares, intense bursts of radiation, can disrupt the atmosphere and potentially affect com-
munication, navigation and electrical systems. A newly developed miniaturised microwave 
radiometer used on a space-borne platform should offer astronomers unprecedented under-
standing of the largest explosive phenomena in our solar system. In this paper the activity and 
results of the EU funded research project FLARES are presented. Objective of FLARES has 
been the study, analysis and design of millimetre-wave system-on-chip (SoC) radiometers for 
space-borne detection of solar flares. Thanks to the proposed methodology, the power con-
sumption and encumbrance (volume, weight) of the instrument can be sensibly reduced when 
compared to the devices currently in operation for observing and studying solar flares. In par-
ticular, the proposed SoC Dicke radiometer can achieve a ten-time better resolution. This in 
turn, allows detecting solar flares having relatively low intensity, about 100 times lower when 
compared to the flares currently detected by the existing systems, owing to space-borne oper-
ations and the microchip-level miniaturization through silicon technology under space qualifi-
cation.
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1. introduction
recently there has been an increase in media cov-erage bringing the focus on how our Sun can have an impact on technologies. This includes the 
Space Weather and its effects, which are now increasingly 
understood and taken into deeper consideration by the 
scientific community, the politicians and the public. Space 
Weather (SW) refers to the dynamic conditions in the 
Earth's outer space environment, including conditions and 
events on the Sun, that can impact orbiting and terrestrial 
systems and through these, human life.
Conditions and events on the Sun contribute to SW 
with a number of different emission mechanisms. Here, 
we focus on the emission from solar flares.
Solar flares are a sudden release of a large amount of 
energy stored as high magnetic fields in the solar active wi
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regions. During solar flares there is a large increase (burst) 
in emission lasting minutes to hours. The bursts originate 
from bremsstrahlung (accelerated electrons due to colli-
sions with ions), gyro-synchrotron (accelerated electrons 
spiralling in magnetic fields), and plasma radiations. The 
released magnetic energy is rapidly converted into ther-
mal, kinetic and mechanical energies and the consequence 
is that the local plasma is heated up to several ten of mil-
lion degrees, while particles are accelerated up to high 
energies. Characteristics of these bursts due to solar flares 
vary with wavelength and the range of wavelengths at 
which they radiate goes from radio wave, soft and hard-X 
rays, up to γ-rays with energies reaching 1 Gev [1].
Flares interact with Earth's magnetic field and cause 
geomagnetic disturbances (GMDs). These in turn cause 
geo-magnetically induced currents (GICs) which can dam-
age the electric power systems (e.g. damage to high-volt-
age transformers, loss of reactive power support) [2].
Flares have a strong impact on Earth's ionosphere, 
causing an alteration of the electron density profile, also 
called Sudden Ionospheric Disturbance (SID). Such 
changes in the ionosphere can interfere with wireless sys-
tems and GNSS receivers [3]. Robotic and human explorers 
of the solar system can also be affected by solar activity, 
and particularly by flares and Coronal Mass Ejections 
(CMEs). Ionospheric disturbances can also affect critical 
phases of the Earth re-entry of spacecrafts by altering the 
calculation of the solutions of navigation trajectory [4].
In this paper, we focus on the radio wave component 
of solar flare spectral emission, and particularly on the 
millimetre-wave (mm-wave) portion in the Ka-band, 
which is closely linked to many of the events triggered by 
flares, e.g. the connection between γ-ray emissions and 
37 GHz flares [5]. In particular, our study was developed 
in the frame of the European project FLARES [6] aimed to 
the SoC implementation of mm-wave Dicke radiometer 
for detection of solar flares from an orbiting system.
Millimetre-wave radiometers are commonly employed 
in scientific radio astronomic imaging experiments [7]. 
They are among the most sensitive systems currently 
available to observe the highest energy electrons accel-
erated in solar flares [8]. Dedicated spatially unresolved 
spectroscopic observations of the Sun at mm-waves are 
used in order to obtain the peak- and high-frequency slope 
of radio spectra, both used as a diagnostic tool for energy 
release and transport. Observations of multiple mm-wave-
lengths are also exploited for dynamic spectra analysis 
of prolonged emissions, and to study solar CMEs, which 
represent the main phenomena at the basis of SW [9].
Large efforts have been spent to implement high sta-
bility [10], accurate [11] and compact [12] micro-/mm-wave 
radiometers. These instruments were implemented in hy-
brid technologies and did not consider encumbrance con-
straints. One of the first attempts towards miniaturization 
has been presented in 2007 [13].
Space-borne mm-wave radiometers are commonly 
realized using hybrid technology processes [14], thereby 
resulting bulky, heavy and expensive. Space agencies 
and research bodies are constantly scouting technolog-
ical solutions that are able to mitigate the stringent en-
cumbrance constraints imposed by micro-, nano-, and 
pico-satellites [15,16]. This translates into the need of having 
miniaturized instruments. The SoC integration through 
SiGe BiCMOS technology is probably the most efficient 
mean of meeting the miniaturization requirement [17]. The 
SiGe technology in fact, despite having slower transistors 
compared to III-V technologies, provides dramatic bene-
fits in terms of yield, cost, miniaturization, and possibility 
of co-integration with other analog and digital circuitry on 
the same silicon die.
The first works investigating the SoC integration of 
radiometers in the microwave range appeared in 2008 [18,19] 
and in the mm-wave range in 2010 [20,21]. Since then, sev-
eral research projects and groups worldwide have been 
focusing on this attractive challenge with outstanding re-
sults [22]. However, the first works were carried out in lat-
est silicon technology nodes and were addressed to terres-
trial applications. To our best knowledge, no works have 
been addressed to space applications, even less through 
suitable space-qualified technologies. Moreover, thanks to 
the SoC miniaturization, many new research directions are 
opened up, which could enhance the effectiveness of the 
proposed methodology. For instance, in [23] the near-field 
power transfer from chip to package applied to mm-wave 
antennas and SoC radiometers is presented. This approach 
can contribute to the optimization of the system.
In [24,25] we carried out for the first time some prelim-
inary investigations about the opportunity to implement 
SoC radiometers for space-borne observations of solar 
flares.
Following the contents in our previous conference 
communications [25-27], in this paper we go beyond and 
sum up the results of FLARES [6]. Section 2 introduces to 
the methodology of the observation of solar flares in the 
Ka-band frequency range. Ground- and space-based ob-
servations are compared and the resolution equation of a 
balanced Dicke radiometer for solar flares observations is 
presented. Section 3 presents a summary of the results ob-
tained for the simulations of the most important building 
blocks of the radiometer, namely the detector and the low-
noise amplifier (LNA). Section 4 reports the discussion of 
the results and the conclusions are given in Section 5.
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2. Methodology
2.1 Observations of Solar Flares in the Ka-band 
Frequency range
In radio astronomy, emission from the Sun captured by 
telescopes is measured in terms of spectral flux density Sf, 
expressed in solar flux units (sfu). One sfu is equal to 10-22 
W m-2Hz-1. Measurements of the solar flux density at Ka-
band are available from the NORP and Metsahövi ground-
based instruments [28,29]. The list of flares measured from 
the ground  at mm-waves is sensibly reduced because the 
detection is limited by random fluctuations of the iono-
spheric transmissivity, leading to errors up to ΔSferr ≈ 200 
sfu [30]. Moreover, the night-day cycle limits the time-on-
target to an average of 12 hours per day, in good weather 
conditions (i.e. best case).
To achieve a drastic reduction of errors probability, 
thus improving the quantity of detected mm-wave flares, 
the radiometric sensor should be moved above the tropo-
sphere, e.g. in the ionosphere. Moreover, to carry out 24 
hour time-on-target observations, it should be orbiting in 
Heliosynchronous low Earth orbit (Fig. 1).
Figure 1. Heliosynchronous low Earth orbit
An Heliosynchronous ionospheric orbiting satellite is 
considered as housing platform for the radiometric sen-
sor. By realizing this concept, it is possible to drastically 
reduce the impact of the fluctuations of the ionosphere 
with respect to ground-based instruments. Moreover, the 
instrument would be able to carry out 24 hour time-on-
target observations.
The ionosphere consists of electrons and electrically 
charged atoms and molecules. In the magneto-ionic the-
ory, ionosphere is modeled as stratified plasma [31]. The 
absorption depends on electron density and collision 
frequency, which depend on height from Earth's surface. 
Based on the radiative transfer theory [32] and considering 
a worst-case scenario, we can calculate the lower absolute 
bound of transmissivity (T) in the ionosphere by exploit-
ing the data for electron density and collision frequency 
in [33], and considering an orbit height of 500 km above 
Earth's surface. The resulting equation for T is
T = 𝑒𝑒−∫ 𝛼𝛼(𝑥𝑥)𝑑𝑑𝑥𝑥∞0   (1)
where α(x) is the radio wave attenuation constant, 
which is a function of the position of the satellite with 
respect to Earth's surface, and proportional to the plasma 
conductivity [34]. Details about the derivation of (1) can 
be found in [30]. As shown in Fig. 2, the absorption (1-T) 
ranges from 48.3 ppm at 26 GHz to 20.4 ppm at 40 GHz. 
The absorption caused by the ionospheric variability at the 
center frequency f0 = 36.8 GHz is 24.14 ppm, which leads 
to an error ΔSferr=0.053 sfu.
Figure 2. Ka-band absorption (1-T) frequency
Ka-band absorption (1-T) of the ionosphere from a 
satellite when the radio path is oriented towards the Sun 
starting from a satellite in LEO orbit at 500 km above 
Earth's ground.
2.2 Dicke radiometer for Solar Flares Observation
Fig. 3 shows the block diagram of the proposed SoC 
Dicke radiometer. The Dicke architecture [35] minimizes 
the variations in the system gain, i.e. the ΔG/G effect, 
which can severely affect basic radiometers such as the 
total power radiometer (TPR). The Dicke architecture is 
the most used and effective improvement to the TPR. As 
shown in Fig. 3, the input is switched periodically with 
frequency fs and duty cycle δ between the antenna at tem-
perature TA and the reference noise source at temperature 
tN, while at the same time, the output is synchronously 
demodulated by multiplying the detected signal by ±1 be-
fore the integrator.
Figure 3. Architecture of the proposed radiometer em-
ploying a Dicke's switching configuration
The temperature resolution ρt, commonly referred to as 
noise-equivalent delta temperature (NEΔT), is expressed 
as [36]:
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ρ𝑇𝑇 = �2(𝑇𝑇𝐴𝐴 + 𝑇𝑇𝑅𝑅)2𝐵𝐵𝐵𝐵𝐵𝐵 + 2(𝑇𝑇𝑁𝑁 + 𝑇𝑇𝑅𝑅)2𝐵𝐵𝐵𝐵𝐵𝐵 + 2(𝑇𝑇𝐴𝐴 − 𝑇𝑇𝑁𝑁)2 �∆𝐺𝐺𝐺𝐺 �2 
 (2)
where Tr = (F-1)T0 is the receiver equivalent noise 
temperature; F is the receiver noise factor and T0 is the 
standard IEEE temperature (i.e. 290 K); BW is the system 
bandwidth; τ is the integration time; ΔG/G represent the 
variations in the system gain and is expressed in ppm. As 
can be deduced from (2), the effect of gain fluctuation can 
be highly mitigated by imposing TN ≈ TA and can ideally 
be eliminated if TN = tA. When the latter condition is met 
the Dicke radiometer is balanced by definition. Without 
loss of generality, we will assume here that the radiometer 
is balanced [25]. 
In solar radio astronomy, (2) is expressed in terms of (Sf) 
as follows [24]:
ρ𝑠𝑠𝑠𝑠𝑠𝑠 = 2Sf �1 + TRTA�� 1BW τ + � NEPkB(TA + TR)BW G √2τ�2  (3)
where kb is Boltzmann constant, G is gain, NEP is the 
noise equivalent power of the detector defined as
𝑁𝑁𝑁𝑁𝑁𝑁 = 𝑣𝑣𝑛𝑛(𝑠𝑠𝑆𝑆)
ℜ
  (4)
where vn(fs) is the output noise of the detector at fs 
(expressed in V/√Hz), and  is the responsivity defined as 
the ratio of output voltage over RF input power
ℜ = 𝑉𝑉𝑜𝑜𝑠𝑠𝑜𝑜
𝑁𝑁𝑖𝑖𝑛𝑛
  (5)
The two advantages of the Dicke balanced radiometer 
are that 1) the ΔG/G effect is removed, and 2) the flicker 
noise at the receiver output is modulated around ±fs thus 
drastically reducing the noise within the integrator band-
width. As a downside, the two disadvantages are that 1) 
the observation time is only half of the operating time, and 
2) the switch causes a reduction of the system gain and an 
increment of the noise figure [37].
The proposed SoC Dicke radiometer works at f0 = 36.8 
GHz, and targets a resolution ρsfu = 1 sfu corresponding to a 
ten-time improvement with respect to state-of-the-art radiom-
eters for the observation of solar flares [28,29]. The switching 
frequency (fs) of the radiometer is set to 1 MHz 
[25].
3. results
To estimate the achievable resolution, with reference to 
Fig. 3 we consider the design of the key building blocks, 
namely the LNA and the detector.
The adopted technology is the SG13S/RH 130nm 
SiGe BiCMOS by IHP Microelectronics. The technology 
is currently being space qualified by the European Space 
Agency (ESA) and by the DLR (German Aerospace Cen-
ter) [38]. This process allows for seven metal layers, npn 
heterojunction bipolar transistors (HBT) having a maxi-
mum transition frequency (f t) of about 250 GHz and max-
imum oscillation frequency (fmax) of about 340 GHz. For 
the circuit simulations ADS by Keysight has been used, 
and in particular transient, s-parameter and Harmonic Bal-
ance simulations have been exploited. The spiral inductors 
have been synthesized using the automatic design synthe-
sis methodology in [39].
3.1 Detector
Exploiting the results in [26], we address here the design of 
a common-emitter (CE) detector to be employed for the 
implementation of the proposed SoC Dicke radiometer in-
troduced in the previous section. The goal of the designed 
detector is to ensure the best trade-off in terms of high , low 
NEP and the lowest possible power consumption (Pc). A 
high  allows relaxing the effective number of bits (ENOB) 
specification for the analog-to-digital converter (ADC). A 
low NEP corresponds to extending the sensitivity of the 
detector, i.e. capability to detect input signals with lower 
power levels, so relaxing the gain specification of the low 
noise amplifier (LNA).
The detector features a symmetric dummy circuit. The 
dummy circuit provides a reference dc output voltage 
(Vout-) for the output signal (Vout+), so that Vout = Vout+-Vout-. 
The design has been carried out in order to exploit the 
following large-signal exponential characteristic of the 
transistors in the forward active region:
𝐼𝐼𝐶𝐶 = 𝐼𝐼𝑆𝑆𝑒𝑒𝑉𝑉𝐵𝐵𝑁𝑁 𝑉𝑉𝑇𝑇�    (6)
where Ic is the collector current (Ic = AE×Jc), IS is the 
reverse saturation current, VBE is base-emitter voltage 
and Vt is the thermal voltage. The value of Jc is select-
ed in correspondence of the bias region with the higher 
dc current gain Ic/Ib (βDC) of the transistor, and the input 
matching network has been designed to match the input 
impedance to a 50 Ω source at the operating frequency 
(36.8 GHz).
Figure 4. Schematic of the designed CE detector.
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table 1. Detector Circuit Sizing and Biasing*
Vcc [V] Vh [V] Jc [mA/μm2] rL [kΩ] Vb1,2 [V]
2 1 0.211 6.1 0.83
c1[f F] L1[pH] c2[f F] cOUT[f F] Pc [mW]
39 300 124 250 1.26
*RF input power considered, PRF = -50dBm
Fig. 4 shows the circuit schematic of the designed CE 
detector. In Table 1 is reported detector's sizing and bias-
ing. The designed CE detector exhibits a considerably 
high responsivity, low NEP and reasonably low Pc. In 
fact, the main results of the simulations have shown the 
following performance: detector's responsivity  = 300 
kV/W, detector's output noise equal to 39 nV√Hz corre-
sponding to a noise equivalent power NEP = 130 fW/√Hz.
3.2 Low-Noise Amplifier
Given the performance of the detector, presented in the 
previous subsection, we set the target gain of the LNA to 
be > 35dB, while the noise specification is to have FLNA 
< 5 dB. The proposed receiver, shown in Fig. 3, has a di-
rect-conversion architecture [17]. As such, it is important to 
have a very-high reverse isolation in the LNA stage. This 
can be guaranteed by the cascode configuration which 
also presents a good stability.
Fig. 5 shows the circuit schematic of the designed LNA. 
It is composed by the cascade of three stages. Each stage 
is a single-ended cascode amplifier. In Table 2 is reported 
LNA's sizing and biasing. The first stage is optimized for 
low-noise, therefore the transistors are biased around mini-
mum noise figure current density. The following stages are 
optimized for high-gain, therefore the transistors are biased 
at the maximum f t current density. For simultaneous noise 
and input power matching, we used a general LNA design 
procedure that takes advantage of the scalability of the 
devices and of the inductors LE and Lb used for emitter de-
generation and input power matching, respectively [40]. Lc 
ladders are used for inter-stage matching between stages 
one and two, and between stages two and three (maximum 
power transfer). As per the output matching network, the 
LC ladder used, employs a parasitic resistance to lower the 
Q of the inductor L3 and meet the 1 GHz 3dB-bandwidth 
(BW) specification. It is worth adding that, since the input 
signal to the radiometric receiver is noise, i.e. very low 
power levels, linearity is not a requirement and it has not 
been considered for performance assessment.
As results from the simulations, the performance of 
the LNA is as follows: LNA's gain and NF at 36.8 GHz 
are GLNA = 38.2 dB and NF = 4.0 dB respectively. To be 
noted that NF is below 6 dB at Ka-band. The S11 is < -30 
dB around the centre frequency and < -10 dB over the 
entire frequency range. The S22 is < -20 dB. The power 
consumption is 9.6 mW.
Figure 5. Schematic of the designed LNA
table 2. LNA Circuit sizing and biasing
AE1,2 
[μm2]
Lb[pH] L1,2[pH] c1[fF] Vb1 [V] Vb3,5 [V] Vcc [V]
1.2 330 450 23 0.82 0.85 2
AE3..6 
[μm2]
LE[pH] L3[pH] c2,3[fF] Vb2 [V] Vb4,6 [V] Pc [mW]
0.6 160 400 18 1.82 1.85 9.6
3.3 receiver
The co-integration of the building-blocks to realize the ra-
diometric receiver, will allow improving the performance 
of both the LNA and the detector, since the parasitics of the 
interconnections and the matching networks will be mini-
mized when compared to the stand-alone blocks presented 
in the previous subsections. As a consequence, the perfor-
mances given for the LNA and detector, can be considered 
as a worst-case situation. We can calculate the expected 
responsivity of the co-integrated receiver, as follows:
ℜ = ℜ𝑑𝑑𝑒𝑒𝑜𝑜 + 10𝐺𝐺𝐿𝐿𝑁𝑁𝐴𝐴 20⁄   (7)
which gives, for the simulated results for detector and 
LNA, a value of  = 24 MV/W. Consequently, from (2) 
and (3), receiver's NEP is about 1.6 fW/√Hz.
4. Discussion
The SoC implementation of the radiometer based on the 
Dicke architecture is now analysed at system level. Re-
ferring to Fig. 3 and considering the case of duty cycle δ 
= 50%, the input signal to the radiometer is white noise 
which for half time is collected by the antenna and for half 
time is provided by the noise generator. In both cases, the 
signal is modelled as a Gaussian stochastic process having 
power spectral density (PSD) equal to about -75 dBm/
Hz, corresponding to a noise equivalent temperature of 
the antenna and of the noise source equal to 1542 K. After 
the switch, the LNA "shapes" the signal by its transfer 
function, and adds its inherent noise to it. At the output of 
the LNA, and at the frequency of 36.8 GHz, given the 38 
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dB of gain of the amplifier, the PSD of the signal amounts 
to about -37 dBm/Hz. The noise is then processed by the 
square-law detector, which reveals a voltage proportional 
to its root mean square value. The synchronous detector 
(i.e. detector and ± 1 block) performs also the subtraction 
between the values in the two switching time intervals. 
Fig. 6 and Fig. 7 show the evolution of the noise (i.e. the 
information) through the system in the time and frequency 
domains. Finally, the integrator extracts the envelope. In 
our Matlab-Simulink model we implemented the inte-
grator by using an equivalent moving average filter. The 
output voltage of the integrator for three scenarios of ob-
servation is reported in Fig. 8. Therein, quiet Sun refers to 
the absence of solar flares. The DC voltage at the output 
can be evaluated as follows [37]:
𝑉𝑉𝑜𝑜𝑠𝑠𝑜𝑜 = 𝑘𝑘𝐵𝐵ℜ𝐵𝐵𝐵𝐵(𝑇𝑇𝑁𝑁 − 𝑇𝑇𝐴𝐴)   (8)
According to (8), quiet Sun corresponds to an output 
voltage of 0 V; 1000 sfu, i.e. a small entity solar flare, corre-
sponds to 0.32 mV; and 1001 sfu, corresponds to 0.35 mV. 
Thereby, for an increase of 1 sfu the output voltage increases 
by 30 μV. The entire dynamic range from 0 to 150000 sfu 
(131163 sfu being the strongest flare ever detected at Ka-
Band [29]) can thus be detected by commercial Analog to 
Digital Converters (ADCs), as recommended by the ESA [41].
On the basis of the results emerged from our analy-
sis and design, it is finally worth investigating (3) as a 
function of the integration time τ. Table 3 summarizes 
the results of LNA, detector and receiver, which we will 
consider, together with an antenna noise temperature TA = 
1542 K corresponding to the typical value of the quiet Sun 
(i.e. Sun in absence of flares) at f0 
[42], BW = 1 GHz and 
insertion loss (IL) of the switch of 3.5 dB [25].
Figure 6. Evolution of the noise signal through the radi-
ometer in the time domain. TA = tN = 1542 K
Figure 7. Evolution of the noise signal through the radi-
ometer in the frequency domain. TA = tN = 1542 K 
Figure 8. Voltage at the output of the integrator for three 
cases: quiet Sun (absence of solar flares) and solar flares 
of 1000 and 1001 sfu
table 3. Summary of simulation results
G(f0) 
[dB]
NF(f0) 
[dB]
Pc 
[mW]
NEP(fs) 
[fW/√Hz]
 [MV/W]
Low-Noise 
Amplifier 
(LNA)
38.2 4.0 9.6 - -
CE-Detector - - 1.3 130 0.3
Receiver - - 10.9 1.6 24
The results are shown in Fig. 9. The targeted resolution 
ρsfu of 1 sfu is achieved at an integration time τ = 0.07 s.
It is worth noting that, considering the 0.07 s integra-
tion time and the calculated NEP for the receiver, we have 
that the weakest detectable signal in presence of noise can 
be calculated as:
wi
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Figure 9. ρsfu as a function of the integration time (τ), 
from (3)
𝑆𝑆𝑚𝑚𝑖𝑖𝑛𝑛 = 𝑁𝑁𝑁𝑁𝑁𝑁
√2𝐵𝐵   (9)
which gives for the receiver a sensitivity of 2.14 fW, 
corresponding to -116.7 dBm. Given the expected input 
signal level reported above (-75 dBm), expected noise 
level is thus about 40 dB lower than signal level. Table 4 
shows a comparison with ground-based instruments.
table 4. Comparison with ground-based instruments
Instrument f0 [GHz] BW [GHz]
τ 
[s]
ρ 
[sfu]
NORP [28] 35 1 0.1 15
Metsahövi [29] 37 1 0.02 10
This work 36.8 1 0.07 1
5. conclusions
Solar flares observed in the mm-wave frequency range 
from a LEO satellite in Heliosynchronous orbit can be de-
tected and measured with a sensitivity much higher than 
the sensitivity obtained by the current ground-based ra-
diometers. In this paper the activity and results of the EU 
funded research project FLARES have been presented. In 
particular, we analyzed the feasibility and design of a sys-
tem-on-chip Dicke radiometer for space-based detection 
of solar flares using a commercial space-qualified SiGe 
technology. Ka-band observations of solar flares as well as 
the impact of ionospheric fluctuations have been analyzed. 
The achievable resolution has been derived on the basis of 
the results of realistic circuit performances estimated for 
LNA and detector from circuit simulations. A system anal-
ysis has also been carried out through Matlab-Simulink 
simulations. The results show that, in principle, a noise 
difference equivalent to 1 sfu can be achieved, mostly 
thanks to the low NEP exhibited by the SiGe detector. 
This aspect also reduces the complexity of the LNA, so 
reducing the power consumption requirement.
The general objective of FLARES has been to explore 
and take a first step towards the SoC approach incorpo-
rating analog, mixed-signal and digital integrated circuits, 
through a commercially available SiGe-BiCMOS technol-
ogy under space qualification. The state-of-the-art mm-
wave imagers currently operating in space are based on 
multi-chip approach, mainly exploiting III-V technologies 
which allow achieving superior performances but do not 
allow for integration of all analog and digital subsections. 
Based on the evaluations emerging from the system anal-
ysis, the benefits deriving from SoC integration (miniatur-
ization, reduction of weight, insertion and chip-to-chip loss-
es, power consumption, etc.), the design has been carried 
out by privileging the reduction of power consumption.
The results obtained from our research demonstrate the 
high potential and innovation for achieving a significant 
improvement with respect to the existing ground-based 
instruments for the detection of solar flares. In particular, 
the proposed SoC Dicke radiometer can achieve a ten-
time improvement of resolution, which in turn allows for 
the detection of solar flares with relatively low intensity, 
i.e. about 100 times lower than those currently detected by 
the existing systems, owing to space-borne operations and 
the microchip-level miniaturization through silicon tech-
nology under space qualification. Moreover, innovations 
such as the miniaturization achievable through SoC radi-
ometers of this kind, and then the possible implementation 
of on-chip calibrations and on-chip thermal stabilizations, 
enables significant reductions of weight, size and power 
consumption, all strategically important for space applica-
tions, especially for micro-, nano- and pico-LEO satellite 
missions.
Finally, it is worth noting that the results of FLARES 
can be extended to other mm-wave frequency bands, thus 
providing an optimal basis for further technological de-
velopments, especially in terms of 2- and 3-dimensional 
observations when combined in focal-plane arrays of SoC 
radiometers.
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